Introduction 139
In contrast to the differences in site 1, the oligomerisation site (site 2) fold architecture appears to be 140 conserved between these members of the H-NS family ( fig. 1a,b ). This site is also formed by 141 hydrophobic interactions between two a-helices (α4 and α2 for the long and short members, 142 respectively) and stabilised by salt bridges 31, 39 . 143 One striking characteristic is a local degree of conservation of the electrostatic potential between H-NS 147 This characteristic appears to be shared between the H-NS family members, as it can be predicted from 148 the conserved position of the negatively and positively charged residues within their primary sequences 149 ( fig. 1d ). The five amino acid averaged charge window analysis of the primary sequences revealed that 150 the α-helices in the N-terminal domain include predominantly negatively charged regions, while the 151 linkers and the DNA binding domains are mostly positively charged, as they both contribute to DNA 152 binding 41, 42, 43 (fig. 1d ; S1). Additionally, α1 and α2 of the long H-NS members are positively charged 153 in line with their contribution to the interaction with DNA 30 ( fig. 1d ; S1). Thus, this asymmetrical 154 6 charge distribution seems to be a conserved feature between H-NS family members suggesting a 155 specific role in their function.
156
In solution, it is expected that the two DNA binding domains of the H-NS protomers behave as 'beads 157 on a flexible string', where the function of the linkers is to enable a relatively unhindered spatial search 158 by the attached domains. Thus, electrostatic interactions between the oppositely charged domains, as 159 suggested by earlier studies 19, 24 To test our hypothesis that the MvaT protomer conformation is sensitive to changes in ionic strength of 187 the surrounding medium, we employed a combination of circular dichroism, small-angle X-ray 188 scattering (SAXS) and NMR spectroscopy. To this purpose, we engineered an MvaT variant in which 
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SAXS was employed to assess the effect of salt concentration on the global conformation of 201 the MvaT F36D/M44D dimer ( fig. 2a and Table S1 ). Under low salt conditions (50 mM KCl) the MvaT 202 protomer adopts a relatively compact conformation as evidenced by the normalised Kratky plot and the 203 particle's Porod exponent (3.2) (Table S1 ). Interestingly, at high salt concentrations (300 mM KCl), the 204 MvaT protomer displays an increased flexibility, which is reflected by an increase in Rg (3.56 nm vs. Table S1 ).
207
In parallel to the SAXS analysis, we produced an isotopically labelled 15 N 13 C MvaT sample 208 for which the 1 H-15 N HSQC NMR spectrum was assigned at 150 mM KCl. The protein spectrum shows 209 well-dispersed resonances corresponding to residues of the DBD and multiple overlapped peaks 210 (crowded region) centred around 8.2 ppm in the 1 H dimension, reporting on the helical N-terminal 211 domain and the disordered linker ( fig. 2b ). Remarkably, the MvaT spectrum shows more resonances 212 than expected, indicating the presence of two forms. Two resonances are observed for the amide groups 213 of residues 45-47 and residue 53, which form the oligomerization site (site 2), and of residues 61-65 in 214 the linker region ( fig. 2b ). Amides of the "coiled-coil" (site 1) show weak resonances and several of 215 them could not be assigned due to broad lines ( fig. 2b ). The Ca and Cb chemical shifts were used to 216 predict the secondary structure probability of the MvaT dimer in solution ( fig. 2d ). Amino acid 217 sequences of a-helix 2 (51-58), the linker (60-80) and of short stretches of a1 appear to be disordered.
218
The presence of intrinsically disordered regions agrees with the secondary structure prediction from the 
427
To test whether this dynamic conformational equilibrium has implications for the structure and function 428 of MvaT wild type-DNA complexes, we determined the modes of DNA binding under the low and high 429 salt conditions using tethered particle motion (TPM) and bridging pull-down assay 19, 49 . 
445
To minimize this potential counterion effect, we also performed the TPM experiment using potassium 446 glutamate (Kglu) instead of KCl. Indeed, the differences in the MvaT titration curves obtained at low 447 and high salt were much less pronounced than with KCl ( fig. 6b ).
448
These results suggest that the low and high salt conditions have no effect on the MvaT DNA stiffening 
463
By increasing the salt concentration, an increase of the protein bridging efficiency is observed and 464 reaches a maximum at 315 mM KCl (Phase I'). This dependency is also observed in the presence of 465 Kglu and NaCl ( fig. 6d, f) . The low and high salt conditions have no effect on the protein 466 oligomerization state ( fig. S5a ).
467
We have also tested the effect of divalent ions on the MvaT DNA bridging activity using MgCl2, MgSO4 468 and CaCl2: the DNA bridging efficiency of MvaT also depends on the tested divalent ions. However, 469 optimum bridging efficiency is reached at lower salt concentrations (~18 mM for MgCl2 and ~20 mM 470 for MgSO4 and CaCl2) ( fig. 5e ).
471
Previously, the switch between DNA bridging and stiffening of H-NS family members was only 472 observed and quantitatively analysed as a function of divalent ions 19, 22 . Herein we showed that the 473 DNA bridging efficiency of MvaT also depends on monovalent ions, suggesting that the switch might interdomain interactions were lost at high salt concentration. However, the authors claim that the 549 occurrence of these interactions within the protein nucleofilament is not possible due to stereochemical 550 restraints (as the linker is 25-30 Å from site 1) unless the oligomerization site 2 unfolds 24 . We disagree 551 with these claims as the linker region and the DNA binding domain together have a length of more than 552 40 Å, which provides the DBD with enough space and degree of freedom to reach the negative residues 553 in a-helix 3. Additionally, disruption of the H-NS interdomain interactions by mutagenesis has 554 generated a variant that adopts an open conformational state and oligomerizes, and is able to stiffen and 555 bridge DNA in the absence of magnesium 19 . This indicates that these interactions indeed occur in the 556 H-NS oligomer and their modulation by salt or mutagenesis induces a switch between its DNA binding 557 modes.
558
To establish structure-function relationships for the MvaT protomer we investigated the effects of salt 559 on the DNA binding properties of MvaT using TPM and a pull-down bridging assay. 
600
In the present work, we have decrypted the molecular basis that governs DNA-DNA bridge formation 601 by MvaT and proposed a structural dynamics paradigm for the osmosensitivity of H-NS family proteins.
602
In vivo this mechanism is part of more extensive and complex regulatory network. Clearly this process MvaT dimer (residues 1-47) were fixed, the C-terminal DNA-binding domain (residues 83-122) was 812 treated as a rigid-body group, while the intervening linker was given full degree of freedom. The 813 computational protocol comprised an initial rigid-body simulated annealing step followed by the side-814 chain energy minimization as described before 69 . The energy function consisted of standard geometric 815 (bonds, angles, dihedrals, and impropers) and steric (van der Waals) terms, a knowledge-based dihedral 816 angle potential, and the PRE and SAXS energy terms incorporating the experimental data 70 . Truncated 817 SAXS curves (q < 0.4 Å -1 ) and the PRE data for the C-terminal DNA-binding domain and the 818 interdomain linker (residues 50-124) at each salt condition were used as the experimental input 69, 70 .
819
Multiple copies of MvaT dimers (N = 1-5) were refined simultaneously in order to simulate molecular 820 ensembles of multiple conformers 69 (Note that this procedure allows for the atomic overlap among 821
MvaT molecules constituting an ensemble). In each run, 100 independent calculations were performed, 822 and 10 lowest-energy solutions were selected for further analysis.
823
During the simulations, the PRE contributions from both subunits were taken into account. The PRE 824 for each residue was defined as the sum of four contributions: 1) PRE from spin label (SL) on subunit 825 1 to the residue on subunit 1; 2) PRE from SL on subunit 1 to the residue on subunit 2; 3) PRE from SL 826 on subunit 2 to the residue on subunit 2; 4) PRE from SL on subunit 2 to the residue on subunit 1.
827
To assess the agreement between the observed PREs and the PREs back-calculated from the simulated 828 ensembles generated in each run, we calculated the Q factor 71 , equation ( 
